Autonomic activity was continuously recorded while primary psychopaths (P), secondary psychopaths (S), and nonpsychopaths (NP) listened to a series of repetitive tones and solved simple arithmetic problems. During rest, Group P had lower levels of skin conductance and autonomic variability than did Group NP, but the difference in autonomic variability disappeared during the arithmetic period. Group P was generally less autonomically responsive to the tones, particularly when GSR and cardiac responses were expressed in terms of individual differences in the range of autonomic activity possible. While GSR habituated at the same rate for all groups, cardiac deceleration and, to a lesser extent, digital vasoconstriction habituated more slowly for Group P than for Group NP. Moreover, Group P gave a relatively small cardiac deceleratory response to a novel tone presented after the repetitive tones. The results were interpreted in terms of autonomic, cortical, and sensory coupling.
gested that individuals diagnosed as psychopathic may actually consist of at least two relatively distinct subtypes, the primary and the secondary psychopath. The primary (also termed the classical, idiopathic, or "true") psychopath is analogous with the clinical entity so vividly described by Cleckley (1964) , and is the anxiety-and guilt-free individual many investigators have in mind when using the term psychopathy. The secondary (also called the symptomatic, neurotic, or pseudo) psychopath, on the other hand, is an individual whose behavior is in many ways psychopathic; however, it is assumed to be merely symptomatic of some underlying psychoneurotic (and, in some cases, psychotic or organic) condition. Many delinquents, acting-out neurotics, and various rebellious, antisocial individuals could perhaps be classified as secondary psychopaths because of the (sometimes) identifiable neurotic motivations behind their behavior.
The clinical distinction between psychopathy and psychopathic-like forms of behavior is an important one and, although more easily done in theory than in practice, is supported by the results of several studies (Van Evra & Rosenberg, 1963; Hill, Haentzer, & Glaser, 1960; Lykken, 1957; Miller, 1966; Painting, 1961) .
As presently used in research, the terms primary and secondary psychopathy probably refer to the degree of certainty associated with the classification of Ss. That is, the groups labeled primary psychopath consist largely of Ss who clearly seem to fit certain criteria, generally those outlined by Cleckley (1964) and Karpman (1961) . Other Ss who do not fit these criteria in certain ways, or about whom the experimenter (£) feels he is able to identify some neurotic or motivational variables which produce psychopathiclike behavior, are called secondary psychopaths. These latter individuals probably include a heterogeneous mixture of misclassified primary psychopaths and nonpsychopaths, as well as those who could, with enough information, be labeled secondary psychopaths in the sense that Karpman (1961) and Arieti (1963) have used the term. The result of this classification is likely to be a crude dimension of psychopathy, with groups of primary psychopaths and nonpsychopaths at the extremes, and secondary psychopaths somewhere in between. 2 The degree of separation between groups on the physiological (and other) variables related to this dimension would, therefore, reflect the degree to which these groups are "contaminated" by misclassified Ss.
When comparing studies that have attempted to distinguish between primary and secondary psychopathy with those that did not, it may be useful to assume that the former dealt with somewhat "purer" or more carefully defined groups than did the latter. Since the psychopath is generally assumed to be relatively free from anxiety and guilt, one hypothesis would be that he is autonomically hypoactive. It is apparent that the less precise the conception of psychopathy used, the more difficult it becomes to adequately test this hypothesis.
With this in mind, it may be worthwhile to present the relevant studies in tabular form. Table 1 summarizes data concerning the psychopath's resting level of autonomic activity and his responsivity to a variety of stimuli. Although there are certain dangers inherent in "box-score methodology" (Gardner, 1966) , inspection of Table 1 nevertheless permits several tentative conclusions to be drawn. With the exception of the study by Schachter and Latan6 (1964) , those that found no differences in resting levels of autonomic activity used what appear to be "mixed" groups of psychopaths; that is, they probably included primary and secondary psychopaths in some unknown proportion. Two studies (Hare, 196Sa, 196Sc) found that primary psychopaths had a significantly lower resting level of skin conductance than did nonpsychopaths, while one study (Lykken, 19SS) obtained the opposite result. Lykken notes, however , that the psychopaths were tested during the warmer (and more humid?) months, while the nonpsychopaths were tested during the cooler months. It is possible, therefore, that the low skin resistance of the former Ss was at Lindner (1942) Ruilmann & Gulo (1950) Lykken (1955) Tong ( "M = mixed group of psychopaths; P = primary psychopaths; S = secondary psychopaths; NPC •» nonpsychopathlc criminals or patients; NC = noninstitutionalized controls.
b SR = skin resistance; SC = skin conductance; NSP = spontaneous or nonspecific GSRs; HR -heart rate; RR = respiration rate; BP = blood pressure; MAP = muscle action potentials.
least partly due to the higher temperature and humidity associated with their testing period (cf. Wenger, 1962) . Although a mixed group of psychopathic 5s was used, Fox and Lippert (1963) found that they gave less evidence of spontaneous GSR activity than did a nonpsychopathic group. A similar though nonsignificant trend was observed in a later study (Lippert & Senter, 1966) . Taken together, these studies suggest that whatever evidence exists for differences in resting level of autonomic functioning appears to be confined to some aspect of electrodermal activity.
In the light of Malmo's (19S7) work with neurotics, it is possible that autonomic responsivity is more important than tonic level in differentiating between psychopathic and nonpsychopathic individuals. However, many of the studies listed in Table 1 (including two of the four that involved primary psychopaths) found no significant differences between psychopaths and other individuals in autonomic responsivity to simple auditory and visual stimuli and to electric shock. Of the exceptions, the study by Ruilmann and Gulo (1950) is difficult to evaluate because of a paucity of procedural detail and the rather cryptic manner in which the findings were presented. The study by Schachter and Latan6 (1964) is interesting for several rea-sons. First, injection of adrenalin rather than some more traditional form of stimulation was used. Second, this study was one of the few to suggest that the psychopath is hyperreactive. On the basis of their finding that psychopaths showed a marked increase in heart rate when injected with adrenalin (as well as citations of other studies of dubious relevance), Schachter and Latan6 concluded that "Sociopaths are more autonomically responsive to a variety of more or less stressful stimuli than are normals [p. 264] ." However, the cardiac increase shown by the psychopaths was similar to that obtained by other studies in which normal 5s were used (e.g., Wenger, Clemens, Darsie, Engel, Estess, & Sonnenschein, 1960) . It is possible, therefore, that the small increase shown by the nonpsychopaths in the Schachter and Latan6 study was more unusual than the increase shown by the psychopaths. Further discussion of this study, as well as the significance of cardiac activity, will be deferred until later. Tong's (19S9) study is interesting in that he was able to divide his mixed group of psychopathic 5s into those that were hyporeactive and those that were hyperreactive. The behavioral characteristics of the hyporeactors were similar, in some ways, to those of the primary psychopath, while those of the hyperreactors were somewhat like the secondary psychopath. However, it is difficult to draw any real conclusions from this study, since many Ss were mentally subnormal. It is mentioned here because this and similar studies have led some investigators (e.g., Claridge & Herrington, 1963; Walton, 1960) to suggest that the term psychopath be restricted to those individuals who exhibit the behavioral features of psychopathy and who, in addition, are autonomically hyporeactive.
The results obtained by Hare (196Sa, 196Sc) and Lykken (19SS) are also difficult to evaluate (with respect to responsivity) since the stimuli involved (shock) were presented in the context of a conditioning paradigm. Kimmel (1966) has reviewed evidence which suggests that the conditioned stimulus exerts an inhibitory influence upon the response elicited by the unconditioned stimulus. Thus, the magnitude of GSR to shock in the Hare and Lykken studies probably reflects the combined effect of differences in autonomic responsivity and in the inhibitory influence of the preceding conditioned stimulus.
Although there is no firm evidence that the psychopath differs from others in responsivity to such stimuli as tones and shocks, several studies in Table 1 indicate that he may be relatively unresponsive when the stimuli are those that signal forthcoming punishment. Thus, the studies by Hare (196Sa, 196Sc) , Lykken (1957) , Senter (1966), and Schalling and Levander (1967) have all found that cues associated with impending electric shock elicit less electrodermal activity in psychopaths than in nonpsychopathic 5s. Data of this sort have recently been incorporated in a model of psychopathic behavior which assumes that cues associated with impending pain are incapable of generating sufficient conditioned fear in the psychopath for response inhibition to occur (Hare, 196Sb) .
A limitation of many of the studies cited above is that they either failed to distinguish between primary and secondary psychopaths or they confined their observations to only one index of autonomic activity. It is possible, therefore, that important differences in autonomic functioning actually do exist, but because of methodological factors have not as yet been uncovered.
In the present study, primary psychopaths, secondary psychopaths, and nonpsychopathic criminals were presented with a series of repetitive auditory stimuli, followed by a novel auditory stimulus and a series of arithmetic problems. Simultaneous recordings were made of skin resistance, heart rate, digital vasoconstriction, and respiration rate. In addition to information about tonic and phasic autonomic functioning in the psychopath, the design of the experiment permitted observations to be made of the orienting response (OR) and its habituation (Lynn, 1966; Sokolov, 1963) . Russian and recent Western research indicates that the OR may play a major role in a number of perceptual and learning situations. It would be useful, therefore, to determine whether or not the OR of psychopaths differs qualitatively or quantitatively from that of other individuals. Finally, Lykken (1968) has suggested that comparisons of autonomic activity may be more meaningful when expressed in terms of the range of activity that the individual is capable of. To assess the usefulness of Lykken's suggestion, the data of the present study were expressed in the traditional ways and also as "range-corrected" scores (Lykken, Rose, Luther, & Maley, 1966) .
METHOD Subjects
The Ss were SI male inmates of the British Columbia Penitentiary, a maximum security institution with an inmate population of around 500. Twentyone of the inmates were classified as primary psychopaths (P), 18 as secondary psychopaths (S), and 12 as nonpsychopaths (NP). These classifications were arrived at in the following way. A IS-item checklist of symptoms descriptive of the primary psychopath (Cleckley, 1964) , along with a brief explanation of each item, was given to the penitentiary psychiatrist, psychologist, and classification officers. They were asked to rate the inmates they knew on the checklist. The files of the inmates thus named were then independently rated by two research psychologists familiar with the study, and on the basis of this information two additional checklists were completed for each inmate. Finally, the information was collated and inmates that clearly met Cleckley's criteria were classified as primary psychopaths (P). Inmates who met many of the criteria but about whom there seemed to be some doubt or who gave evidence of neurotic features were classified as secondary psychopaths (S). The remaining inmates had relatively few psychopathic features and constituted the nonpsychopathic group (NP).
Mean age, Revised Beta IQ, and years of education were, respectively, 31.2, 112.5, and 10.0 for Group P; 33.2, 109.4, and 8.7 for Group S; and 28.2, 105.4, and 8.3 for Group NP. Analyses of variance indicated that Groups P and NP differed significantly in years of education claimed, F(l/48) = 3.60, p<.05, and IQ, F(l/48) =4.50, p<JOS. Because of these differences, correlations were computed between education and IQ and the main dependent variables of this study. None of the correlations was significant, indicating that the differences between groups in education or IQ did not influence the results presented below.
Apparatus
An Offner Type R Dynograph was used to obtain simultaneous recordings of skin resistance, heart rate, digital vasoconstriction, and respiration rate. Skin resistance was measured by passing a constant current of 10 11,3,. through Zn-ZnSOi electrodes attached to the volar surface of the middle segment of the second and third fingers on the left hand. The effective area of the electrodes was maintained, through the use of corn plasters, at 1.06 cm.
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, giving a current density of 9.4 /ia./cm 2 . Digital vasomotor activity was measured by placing a photocell plethysmograph on the index finger of the right hand, Heart rate was continuously recorded in beats per minute by placing Beckman biopotential electrodes on the sternum and passing the signal through a Type 9857 cardiotachometer coupler. The output was expressed in beats per minute. A strain-gage belt was used to record respiratory activity. The auditory stimuli used in the experiment were fed through stereo earphones that had been placed inside padded ear protectors of the type used around aircraft engines.
Procedure
Since the research was conducted within the penitentiary, it was not possible to record in a soundproof, shielded room. However, the earphones described above, combined with the background hum of the apparatus, greatly reduced the influence of background stimuli.
Immediately prior to entering the room, each S was asked to wash his hands with soap and water. While this procedure may have affected skin resistance readings (Venables & Martin, 1967) , it was deemed advisable in view of the fact that the inmates came from a variety of different work locations, for example, the kitchen, garage, metal shop, etc. Some would have washed their hands beforehand, while others would not have done so. It was therefore necessary to control for these S differences.
The 5 sat in a semireclining position in a comfortable, padded chair. After he had been hooked up to the recording apparatus (the GSR electrodes first), he was asked to lie quietly until instructed further. After 15 min. had passed, a small tube attached to a balloon was placed in his mouth and he was asked to blow the balloon up until it burst. This procedure provided an estimate of S's maximal autonomic reactivity (Lykken et al., 1966) . Five minutes later he was told that he would hear a series of tones and that his task was simply to lie quietly and listen to them. He then heard fifteen 900-cps tones, each 2 sec. in duration and at an intensity of approximately 80 db. re .0002 dynes/cm 2 . Following this, a novel tone, 350 cps and 10 db. below the previous ones, was presented once. The interval between tones varied, on a random basis, from 45 to 75 sec. with a mean of 60 sec.
Approximately S min. after the novel tone, S was given a series of arithmetic problems to solve (e.g., 8X 15; 4X9 + 37) and encouraged to answer them as quickly as possible.
RESULTS

Resting Tonic Levels
The 2-min. period just prior to the blowing up of the balloon was used to estimate resting tonic state. Each record was scored for the following variables: (a) the mean skin resistance converted to log conductance units and expressed as log SC/cm 2 (SC), (b) the number of apparently nonspecific GSRs greater than 0.1 /*mho (NSP), (c) mean heart rate in beats/mm (HR), (d) mean peak-trough difference in heart rate (P-T), (e) mean number of respiratory cycles/rain (RR), (/) regularity of respiration, scored on a 3-point scale with 1 being most regular (RReg), (#) proportion of total respiratory cycle given to the inspiration phase (1-fraction).
In most cases, statistical analysis involved an a priori comparison between Group P and Group NP, followed by an analysis of variance on the remaining orthogonal comparison (Hayes, 1963, pp. 477^-83) . The reasons for this procedure are as follows. The main purpose of the study involved comparisons of Groups P and NP, and, since it seemed desirable at this stage to minimize Type II error, an a priori comparison between Groups P and NP was called for. The only other orthogonal comparison possible was that between Group S and the average of Groups P and NP, a comparison that was of little direct interest. Therefore, following the suggestion of Hayes, the sum of squares for the comparison between Groups P and NP was subtracted from the between-groups sum of squares to obtain the sum of squares for comparisons orthogonal to the first one. If the latter yielded a significant F, it was followed by post hoc comparisons using the Scheff6 method (Hayes, 1963) .
The resting tonic levels for each group are presented in Table 2 . An a priori comparison indicated that Group P had a significantly Note.-P = primary psychopaths; S = secondary psychopaths; NP = nonpsychopaths. Log SC/cm 2 = mean skin resistance converted to log conductance units; NSP = number of apparently nonspecific GSRs greater than 0.1 /imho; HR =• mean heart rate in beats/min; P-T = mean peak-trough difference in HR; RR = mean number of respiratory cycles/ minj R-Reg -regularity of respiration; 1-fraction -proportion of total respiratory cycle given to the inspiration phase. lower resting level of SC than did Group NP, /?(l/47) = 4.96, p < .05. No other SC comparison was significant. These results support those of two earlier studies (Hare, 196Sa, 196Sc) which found primary psychopaths to have a relatively low resting level of SC. While the two previous studies did not compare primary and secondary psychopaths, it is interesting that the present study found them to be almost identical in resting skin conductance.
Group P was also lower than Group NP on the other index of resting electrodermal activity, NSP, and although the difference was not significant, F(l/47) = 2.52, the direction of the difference was consistent with results obtained by Fox and Lippert (1963) and Lippert and Senter (1966) .
Besides the number of NSPs, a second index of resting autonomic activity was available, namely, the mean peak-trough difference in heart rate (P-T). Both Groups P and S were somewhat lower than Group NP, but the differences were not significant, F(l/48) = 1.64 for Group P versus Group NP. Because of this consistent trend, NSP and P-T were combined in a multivariate analysis (Morrison, 1967) to provide a composite measure of autonomic variability. The difference between Groups P and NP was significant, ^(2/27) = 3.60, p < .05. Group P therefore exhibited significantly less autonomic variability than did Group NP, even though the differences between groups in the components of autonomic variability (NSP, P-T) were not significant. Several investigators have reported that the correlations between measures of electrodermal and HR variability were small and nonsignificant (Boyle, Dykman, & Ackerman, 1965; Galbrecht, Dykman, Reese, & Suzuki, 1965; Lacey & Lacey, 1958) . Similar results were obtained in the present study. The correlation between NSP and P-T for all 5s combined was only .05, while the correlations for each group considered separately were .35, -.26, and -.17 for Groups P, S, and NP, respectively. None of these correlations was significant.
There were no significant differences between groups in resting HR or RR, results that are similar to those obtained by other investigators.
AUTONOMIC FUNCTIONING IN THE PSYCHOPATH
Tonic levels throughout the experiment. In order to determine whether or not there were any systematic changes in autonomic tonic level throughout the course of the experiment, the mean levels of SC and HR were computed for the period just preceding each tone. The results are plotted in Figures 1 and 2 . The initial increase in SC from the resting period to just prior to Tone 1 was significant for each group, and was probably due to the relatively persistent effects of blowing up the balloon. The increase from Tone 1 to Tone 2, as well as the decrease from Tone 2 to Tone 16, was also significant for each group. However, Group NP showed a smaller decrease than did either Group P, /?(l/47) = 4.17, p < .05; or Group S, F(l/47) = 2.91, p < .10. As a matter of fact, correlated t tests indicated that the SC of Group NP was somewhat higher at the end of the tone series than it had been during the resting period, £(10) = 1.40, p < .10. On the other hand, the SC of Groups P and S dropped below resting level by the sixteenth tone, t(20) = 2.10, p < .05 for Group P; *(18) = 2.06, p < .05 for Group S. Thus, at least as far as SC is concerned, it appears that the two psychopathic groups adapted to the conditions of the experiment to a somewhat greater extent than did the nonpsychopaths. When HR is considered, a different pattern emerges. As Figure 2 indicates, Groups S and NP showed a slight decrease in HR during the tone series, while Group P showed an increase followed by a decrease. However, none of these trends was significant. Figure 3 compares the mean levels of autonomic activity during the resting period and during the first minute of the arithmetic problem period. It is evident that, with few exceptions, autonomic activity was considerably higher during problem solving than it was during the resting state. In order to evaluate the extent to which the groups differed in the magnitude of change from resting to arithmetic periods, analyses of variance for repeated measures were computed. Since change scores are often related to initial levels (e.g., the "law of initial values"), some method of taking the differences in initial level into account was needed. Most methods (e.g., covariance analysis, Lacey's autonomic lability scores) use statistical techniques to adjust for initial differences in level of autonomic functioning. However, when the initial differences represent inherent characteristics of the 5s used, rather than the result of uncontrolled factors, statistical adjustment for differences in initial level may be inappropriate (Heath & Oken, 1965) . That is, when the initial differences represent essential characteristics of the 5s (as may be the case in the present study), they should form a part of the statistical analysis.
Autonomic Responsivity during Arithmetic Period
Considering SC first (Figure 3a ), significant main effects were obtained for groups, F(2/47) = 4.16, p < .05, and for periods, F(2/47) = 100.63, p < .001. The Groups X Periods interaction was not significant, F < 1.0. It is clear that all three groups showed a marked increase in SC during the arithmetic period and that the higher level of SC shown by Group P during the resting period was maintained during the arithmetic period.
With NSP, there was no main effect for groups, F < 1.0, but the effect for periods was highly significant, 7?(2/47) = 100.12, p < .001. An a priori comparison between Groups P and NP yielded a significant Groups X Periods interaction, F(l/47) = 6.84, p < .05. This supports the impression gained from Figure 3b that the increase in NSP was significantly greater for Group P than it was for Group NP.
The HR main effect for groups was not significant, F(2/48) = 1.32, but that for periods was, F(2/48) = 24.39, p < .001. The Groups X Periods interaction, involving Group P and Group NP, was not significant, F(l/48) = 1.67.
While Groups P and S showed an increase in P-T, Group P showed a decrease, which accounts for the relatively small main effect for periods, 7?(2/48) = 4.84, p < .05. The interaction for Groups P and NP was significant, 77(1/48) = 8.53, p < .01.
There was a general increase in RR from the resting period (M =15.6) to the arithmetic period (M = 17.6), 7? (1/48) = 29.84, p < .001, with no interaction. The change in 1-fraction was very small and nonsignificant. There was no interaction.
Taken together, these results clearly indicate that cognitive activity is associated with a marked increase in autonomic activity, whether 5s are psychopathic or nonpsychopathic. It is noteworthy, however, that on both indexes of autonomic variability, NSP and P-T, the relative positions of Groups P and NP changed from the resting to the arithmetic period.
Autonomic Responsivity to Auditory Stimuli
GSR. The mean change in skin conductance (GSR) shown by each group to the 15 repetitive tones and to the novel (sixteenth) tone is plotted in Figure 4 . The curves for all three groups are very similar, although during the first nine tones the responses given by Group NP were generally somewhat smaller than those given by Groups P and S. To test the significance of the differences in magnitude of response to the first tone, an analysis of variance for repeated measures was computed on the prestimulus and stimulus levels of log SC (using the same rationale that was outlined in the previous section). The Groups X Measurements interaction was not significant, indicating that the groups did not differ in magnitude of response to Tone 1. An analysis of variance performed on the change scores (i.e., GSR) also failed to uncover any significant differences. A trend analysis computed on the magnitude of response to Tones 1-9 indicated that no significant differences existed between groups either in the rate at which the response decreased over trials or in the shape of the curves. That is, rate of habituation of GSR to repetitive tones was the same for all three groups. The data plotted in 
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1955; Galbrecht et al., 1965; Lader & Wing, 1966; Uno & Grings, 1965) and visual stimuli (Kimmel, 1964; Kimmel & Kimrael, 1965) . The results of the present study indicate, therefore, that psychopaths do not differ from nonpsychopaths either in magnitude of GSR to simple tones or in the rate at which the GSR habituates to a series of repetitive tones.
It is possible to view the data contained in Figure 4 in terms of what Russian investigators (e.g., Sokolov, 1960 Sokolov, , 1963 ; see also reviews by Berlyne, 1960; Lynn, 1966; Razran, 1961) refer to as the orienting reflex (OR). The OR is a nonspecific, complex response to changes in stimulation. Its components include orientation of the body toward the source of stimulation, alpha blocking, digital vasoconstriction and cephalic vasodilation, decrease in skin resistance (GSR), pupil dilation, HR deceleration, inhibition of respiration, and an increase in muscle tension. If the stimulus is a repetitive one without signal value for the S, the OR habituates, but returns when a novel stimulus is presented. Many of the Russian findings on the OR have been supported by recent Western research (e.g., McDonald, Johnson, & Hord, 1964; Royer, 1965; Uno & Grings, 1965; Zimny & Miller, 1966; Zimny & Kienstra, 1967; Zimny & Schwabe, 1965) . The data in Figure 4 conform closely to this picture of the OR. The first tone (which was a novel one for the Ss) elicited a large GSR from all groups, but subsequent tones produced rapid habituation. Sokolov (1960 Sokolov ( , 1963 ) accounts for such findings by postulating that repeated presentation of a stimulus generates a neuronal model in the cortex against which subsequent stimuli are compared. If the stimulus does not match a previous model, an OR occurs, consisting, in part, of cortical excitation of the reticular formation. If the incoming stimulus matches a previous model, the OR is blocked. In view of Sokolov's conception of the OR, the presentation of the novel tone (Tone 16) to Ss in the present experiment should have produced an OR. Figure 4 indicates that this is precisely what happened. As was the case for Tone 1, there were no differences between groups in the magnitude of this OR.
Besides the magnitude of GSR, measurements were made of latency (seconds from onset of tone to beginning of the GSR), recruitment time (seconds from beginning of GSR to its peak), and the degree to which the response had recovered 5, 10, and 15 sec. after peak (percentage recovery). The results for the first 15 tones are presented in Table 3 . There were no significant differences between groups in either latency of GSR or its recruitment time. However, Group S recovered more slowly than did Groups P and NP. A post hoc analysis of the percentage recovery 15 sec. after peak indicated that the difference between Group S and the average of Groups P and NP approached significance, F(l/46) = 3.21, p< .10. Heart rate. In addition to SC changes during the tone series, data were obtained for HR responses and blood volume changes. Considering HR first, two main analyses were carried out: a beat-by-beat analysis of HR response to each tone and an analysis of the change in the magnitude of the HR response throughout the tone series. Figure 5 shows the mean beat-by-beat HR of each group in response to the first tone. HR is plotted for the five beats preceding the onset of the tone and for the 20 beats immediately following. It is evident that the response to Tone 1 was primarily a decelerative one, with the minimum rate occurring between 7 and 10 beats after tone onset. This deceleration, a component of the OR, is consistent with a relatively large number of studies which used stimuli of moderate intensity (see review by Graham & Clifton, 1966) , although some investigators (e.g., Lang & Hnatiow, 1962) have found that deceleration may be preceded by a brief period of acceleration. While the response patterns for the three groups to Tone 1 were similar, there were certain rather interesting differences. The deceleration was a relatively gradual one for Group P while it was much more rapid and erratic for Group NP. Group S showed an initial period of acceleration followed by a sudden, marked decelerative phase.
To determine whether or not the Groups differed in magnitude of the decelerative response (OR), the slowest rate occurring during the five beats preceding the onset of tone (prestimulus level) and the slowest rate occurring during the 20 beats following tone onset (stimulus level) were determined for each tone. The differences between prestimulus and stimulus levels, for each tone, are shown in Figure 6 . The three groups clearly differed not only in magnitude of the OR, but also in the rate at which the OR habituated. The differences between groups in the magnitude of OR to Tone 1 were assessed by performing an analysis of variance for repeated measures on the prestimulus and stimulus values. The main effect for measurements was highly significant, /?(2/48) = 47.10, p < .001, while the Groups X Measurements interaction, for Groups P and NP, approached significance, ^(1/48) -2.87, p < .10. Thus, there was a tendency for Group P to give a smaller OR than that given by Group NP.
It is noteworthy that the difference between Groups P and NP was nearly significant in spite of the fact that Group P had the higher prestimulus HR, and the correlation between prestimulus and magnitude of deceleration, for all 5s combined, was positive and significant (r = Al,P< .01).
Although Group P gave the smallest OR to Tone 1, it also habituated the least. Analysis of variance for repeated measures, computed on the mean OR to Tones 1 and IS, yielded a significant habituation effect, F(2/ 48) = 19.20, p < .001, but the significant Groups X Measurements interaction, Groups P and NP, 7?(l/48) = 4.21, p < .OS, indicates that Group P habituated more slowly than did Group NP.
The mean beat-by-beat HR of each group in response to Tone 16, the novel tone, is plotted in Figure 7 . The deceleration of Group P was gradual and not very large. Groups S and NP, on the other hand, showed a small initial deceleration, followed by acceleration, and then a marked deceleration. As Figures 6 and 7 indicate, Group NP gave the largest OR to Tone 16, while Group P gave the smallest. The interaction for these two groups was significant at beyond the .10 level, F(l/4&) -12.64. As a matter of fact, the OR given by Group P was not appreciably larger than it had been on Tone IS, whereas both Groups S and NP gave ORs that were almost as large as their ORs had been to Tone 1. Vasoconstriction. Since digital blood volume changes are difficult to evaluate in absolute terms, vasoconstriction to each of the tones was expressed as a proportion of the response observed during the blowing up of the balloon. In effect, the resulting data represent responses corrected for individual differences in range, that is, A<£ (Lykken, 1968) . The results for each group are plotted in Figure 8 . Technical problems resulted in the loss of data and consequently the N in each group was considerably reduced. Furthermore, there was a great deal of inter-and intraindividual variability in vasomotor activity during the presentation of the tones, a situation similar to that reported by Unger (1964) . The results were therefore taken to be no more than suggestive. As Figure 8 indicates, the magnitude of vasoconstriction decreased slightly during the first IS tones. The differences between groups in the amount of decrease were not significant. Correlated t tests between the responses to Tones 1 and IS indicated that the decrease was significant only for Group S, t(T) = 2.99, p < .05, although the decrease for Group NP approached significance, t(6) = 1.81, p < .10. The corresponding value for Group P was *(13) = 0.87. The decrease by Group P between Tones 1 and 11 also failed to reach significance, t(l3) = 1.31.
Further indication of the variability and re- sistance to habituation of the vasoconstriction response is obtained from the fact that only 7 of the 29 5s for whom data were available (3, 1, and 3 in Groups P, S, and NP, respectively) gave as many as three consecutive nonresponses during the IS tone presentations. It was not unusual for several nonresponses to be followed by a number of responses of appreciable size, particularly in Group P.
Only Group NP gave a larger response to the novel tone (16) than it had given to Tone IS, t(6) = 1.96, p < .05. Surprisingly, Groups P and S gave somewhat smaller responses to Tone 16 than to Tone 15.
Because of the reduced TV and the great variability, not too much reliance is placed in these findings. Nevertheless, they do suggest that the digital vasoconstrictive response was somewhat more resistant to habituation in Group P than in either Group S or Group NP. However, even these latter two groups showed a relatively small decrease in vasoconstriction with stimulus repetition. An earlier study by Davis et al. (1955) also found that stimulus repetition produced only a small decrement in digital vasoconstriction. Unger (1964) found that only 12 out of 20 5s showed habituation to successive seriatim presentations of numbers. He also found that the presentation of a number out of sequence resulted in a return of a previously habituated response. As noted above, the only group in the present study to give appreciable responses to the novel tone was the nonpsychopathic one (NP).
Correction for Differences in Individual Range
In view of Lykken's (1968) suggestion that activity in an autonomic system might be more meaningfully expressed as a function of the range of activity that system is capable of, part of the data presented above were reanalyzed. The maximum SC and HR that occurred while S was trying to blow up the balloon to bursting were taken as an estimate of maximal reactivity in these two systems. Minimal activity was simply the lowest level of SC and slowest HR that occurred during the course of the experiment. For HR, the minimal rate almost always occurred during the blowing up of the balloon. There were no 12 ROBERT D. HARE Note.-P = primary psychopaths; S = secondary psychopaths; NP = nonpsychopaths.
significant differences between groups in the range of either SC or HR.
Each individual's resting SC and HR were converted into range-corrected scores by the formula Table 4 . The differences between groups were not significant for either <t>SC or <£HR. It is interesting that correction for range not only removed the differences in resting SC and HR that had been obtained using absolute units but, in addition, altered the relative positions of the three groups.
Tonic levels during the arithmetic period were derived by substituting the SC and HR levels during the arithmetic period for the "resting period" term in Formula 1. The results are presented in Column 2 of Table 4 . Again, the differences between groups were not significant.
The increases in 0SC and 0HR that occurred during the arithmetic periods and in response to the auditory stimuli were converted to range-corrected change or response scores by the formula Stimulus level -prestimulus level Maximum level -minimum level [2] where A<£ is the magnitude of change expressed as a proportion of an individual's range. The corrected changes in <£SC and <jkHR that occurred as a result of the arithmetic period are shown in Column 3, Table 4 .
The differences between groups were not significant.
Columns 4 and 5 in Table 4 contain the corrected response scores for the auditory stimuli. For change in <£SC the only difference that approached significance was that between Groups P and NP in response to Tone 16, the novel tone, F(l/46) = 4.01, p < .10. The difference between Groups P and NP in A</>HR to Tone 1 approached significance, F(l/47) = 3.42, p < .10. The A0HR to Tone 16 was significantly greater for Group P than it was for Group NP, F(l/44) = 4.31, p < .05. No other differences were significant.
Several interesting trends emerge from these results. Correction for individual differences in range largely removed the differences between groups in the level of autonomic functioning observed under resting conditions and also during simple cognitive activity. However, when responses to the auditory stimuli are considered, there was a tendency for Group NP to be the most reactive, Group P the least reactive, and Group S somewhere in between. This applied to both 0SC changes and 0HR changes, although the trend was more pronounced for the latter.
One of the problems with <£ and A$, as used here, is that the individual's "true" maximum and minimum levels of autonomic activity are not known, particularly with respect to the minimal level of SC. Lykken (1968) has suggested that a better estimate of maxima and minima might be obtained through the use of atropine and pilocarpine.
DISCUSSION
The results of the present study lend some support to the hypothesis that the autonomic functioning of the primary psychopath differs AUTONOMIC FUNCTIONING IN THE PSYCHOPATH 13 from that of nonpsychopathic individuals. However, the specific nature of the differences may be somewhat more complex than most previous studies have suggested.
During a resting state (which may be a misnomer since it actually represents a response to the experimental conditions), the psychopath appears to be characterized by relatively low levels of SC and variability in electrodermal and HR activity. The low level of SC in psychopaths is similar to that found in two earlier studies (Hare, 196Sa, 196Sc) which used 5s from the same inmate population. Until supporting data have been reported by other investigators, the possibility must be considered that at least this aspect of the results is specific to the particular inmate population involved. Assuming that the SC data are valid, they would support the hypothesis that the psychopath is at the lower end of a dimension of autonomic tension or arousal. As Lykken et al. (1966) have pointed out, however, autonomic indexes, such as SC, may be unrelated to an underlying dimension of autonomic arousal unless they are expressed as a function of the maximum and minimum levels of output that 5 is capable of. For example, the low level of SC observed in psychopathic 5s may represent, for them, the same relative degree of autonomic arousal that a higher level represents for nonpsychopathic 5s. The fact that correction for individual differences in the range of SC removed the initial differences between groups lends some support to this view. However, more research with better estimates of range is required before any firm conclusions can be drawn. Moreover, if the differences between psychopaths and nonpsychopaths reflect differences in structural and physiological factors rather than differences in state of arousal, these former differences themselves should be of some interest and worth investigating.
Much the same comments could perhaps be made about the indexes of resting spontaneous autonomic variability used, namely, electrodermal and HR fluctuations. While the experimental procedure made it difficult to obtain estimates of the individual differences in the range of these variables, it is quite possible that autonomic variability is less influenced by differences in range than are other autonomic variables. At any rate, a number of investigators have shown that absolute measures of spontaneous autonomic activity are related to several important psychological and behavioral dimensions. Lacey and Lacey (1958) have found that fluctuations in autonomic activity represent a reliable individual characteristic, and have postulated that there is an intimate coupling between autonomic fluctuations and both cortical and somatic processes. For example, although dissociation of behavioral, autonomic, and cortical arousal may occur under certain conditions (Lacey, 1967) , bursts of autonomic activity may have excitatory effects which, functioning via ". . . hypothalamiccortical discharge and possibly via visceral afferent feedback, would be expected to produce an increment in the level of cortical arousal, which would be self-sustained for some time . . . [Lacey & Lacey, 1958, pp. 169-170] ." Similarly, autonomic, cortical, and somatic functions are shown to be closely linked, with autonomic variability being positively correlated with cortical arousal and motor impulsivity, and negatively correlated with reaction time and the ability to hold in readiness a set to respond.
In view of the Lacey and Lacey (1958) theory, and the empirical findings in support of it (e.g., Boyle et al., 1965; Meyers, 1966; Williams, Schachter, & Rowe, 1965) , the findings in the present study that Group P tended to exhibit relatively little autonomic variability during the resting period suggest that in the absence of specific stimulation psychopaths may be autonomically and cortically underaroused. The finding by Learmouth, Ackerly, and Kaplan (1959) of a positive correlation between Pd scores on the MMPI and increase in spontaneous skin potential responses under stress is also consistent with this suggestion. Perhaps of some indirect relevance here is the finding by Lacey and Lacey (1958) that their extreme autonomic "labiles" (many fluctuations) seemed manifestly anxious while their "stabiles" (few fluctuations) seemed lacking in affect, the characteristics of the latter resembling a common description of the psychopath. The fact that "labiles" tended toward greater motor impulsivity than "stabiles" implies that psychopaths (who would be stabiles) should show less motor impulsivity than nonpsychopaths. While this may at first seem inconsistent with clinical statements about the psychopath's behavioral impulsivity, the two types of impulsivity are not the same. In this regard, Williams et al. (196S) found that spontaneous autonomic activity was unrelated to clinical ratings of behavioral and emotional impulsivity.
Some support for the hypothesis that the psychopath is autonomically hyporeactive is provided by the results of the present study. However, the extent of this support depends upon whether or not Lykken's suggestions concerning corrections for individual differences in range are accepted. If they are not, then the data indicate that the psychopath responds sympathetically like a nonpsychopath. If they are accepted, then one hypothesis is that the psychopath is both sympathetically and parasympathetically underreactive, a hypothesis that is based upon the data contained in Table 4 above. Although the differences between groups were not always significant, they were consistent in direction. For example, Group P gave somewhat smaller increases in <£SC and <£HR during the arithmetic period, smaller GSRs to the auditory stimuli (sympathetic responses), and also smaller HR deceleration (parasympathetic response) to the auditory stimuli.
Many investigators have assumed that the psychopath is sympathetically hyporeactive, while others (e.g., Markwell, 1962) have suggested that he may be characterized by apparent parasympathetic dominance. Conceptions of this sort are related to a recognition of the ANS's role in emotional behavior and the psychopath's apparent absence of anxiety. However, the work of Lacey and Lacey (1958) as well as recent conceptions of the orienting reflex (OR) permit the results of the present study to be expressed in a somewhat different way, one that places emphasis upon the cortical implications of autonomic activity. The analysis to be presented relies primarily upon the relatively small HR decelerations given by Group P to the auditory stimuli that were novel in character (Tone 1 and Tone 16) and upon their low level of resting autonomic variability. The reasoning is much the same whether based upon absolute scores or upon range-corrected scores (</>).
The suggestion that autonomic variability has a facilitating effect upon cortical and receptor processes implies that the psychopath, with his low level of autonomic variability, should be cortically underaroused and perhaps less sensitive to stimuli in his environment. 8 For example, Edelberg (1961) found that increased electrodermal and vasoconstrictive activity were associated with a drop in tactile threshold, a relationship that was, in part, interpreted as reflecting "... cortical arousal associated concurrently with autonomic activity and increased perceptivity [p. 193] ." Similarly, Silverman, Cohen, and Shmavonian (19S9) found that increased GSR activity was related to a decrease in the threshold for detection of electric shock. The finding in the present study that psychopaths generally gave smaller ORs than did nonpsychopaths suggests that the former would be less sensitive to novel environmental stimuli. The Russian conception of the OR, as well as Lacey's (1967; Lacey, Kagan, Lacey, & Moss, 1963) argument that HR deceleration facilitates stimulus reception, also suggests that the psychopath should be less receptive to external stimuli. There are several implications in this analysis. First, the psychopath may have a higher detection threshold for stimuli in general. The results of two recent studies (Hare, 1968; Schoenherr, 1964) are consistent with this (post hoc!) prediction, in that they both found the psychopath to have a higher than normal threshold for the detection of electric shock. The results of the Hare (1968) study were interpreted in terms of motivational variables and a lack of anxiety-based drive. Neither of these interpretations is inconsistent with the present analysis, since each can be related to cortical arousal.* It should be noted that during cognitive activity, 5s in Group P exhibited as much autonomic variability as did 5s in Group NP, which leads to the prediction that procedures which increase the psychopath's arousal level should lower his sensory threshold, perhaps to a normal level.
A second implication of the present reasoning is that psychopaths should be hyporesponsive to environmental stimuli in general, and particularly to those that are not relatively salient. There are two related reasons for this, namely, the psychopath's low level of autonomic variability and small cardiac deceleration to novel stimuli, both of which appear to be related to lowered cortical arousal and decreased attentiveness to the environment. Concerning cardiac deceleration, Lacey (1967) has commented that recent research has shown ". . . with increasing clarity and certainty that the cardiovascular system is particularly and peculiarly responsive to the intentions of the subject to note and detect external stimuli [p. 33] ."
While most of the studies summarized in Table 1 found the psychopath to be normally responsive to a variety of stimuli, the present results suggest that, in terms of the range of autonomic activity he is capable of, the psychopath may actually be underresponsive, both sympathetically and parasympathetically. Furthermore, the findings of several studies that the psychopath gives small conditioned sympathetic responses to cues associated with impending pain (Hare, 196Sa, 196Sc; Lippert & Senter, 1966; Lykken, 19S7) are consistent with the preceding analysis. It is relevant here to note that a number' of investigators have found that spontaneous autonomic activity (e.g., Stern, Winokur, Stewart, & Leonard, 1963) and magnitude of OR (Maltzman & Raskin, 196S) are positively correlated with speed of condition-4 Fourteen of the Ss that had participated in the Hare (1968) study also took part in the present one. The rank-order correlations between shock detection threshold and (I) resting NSP, (2) P-T, and (3) magnitude of cardiac deceleration to Tone 1, were, respectively, -.18, -.29, and -.35, all in a direction consistent with the present discussion.
ing-findings which, on an empirical level alone, would lead to the prediction that psychopaths should condition poorly, that is, give small and/or infrequent anticipatory autonomic responses prior to the presentation of an unconditioned stimulus.
The 5s in Group P gave smaller ORs to the novel stimuli (Tones 1 and 16 ), but they also habituated more slowly than did Group NP. Since cardiac deceleration is due to vagal inhibition (Bond, 1943; Dykman & Gantt, 19S9; Lacey & Lacey, 19S8; Obrist, Wood, & Perez-Reyes, 1965) , this may mean that the inhibition of vagal tonus during repetitive stimulation develops more slowly for psychopaths than for other individuals. That is, the psychopath may respond to novel stimuli with a relatively small amount of vagal activity, but under repetitive stimulation this vagal activity may be persistent, habituating slowly. While admittedly speculative and based upon sparse data, such a hypothesis leads to some interesting predictions. For example, when a response is primarily a sympathetic one, with little or no parasympathetic restraint, habituation should occur at a normal rate. Two such responses are the GSR and digital vasoconstriction, and as Figures 4 and 8 indicate there were no appreciable differences in the rate at which Groups P and NP habituated. Assuming no differences in the rate at which sympathetic activity habituates, the possibility that vagal inhibition in the psychopath may be relatively persistent, while it habituates quickly in the nonpsychopath, suggests that a response involving both sympathetic and parasympathetic activity should habituate more quickly for the psychopath. The "dampening" effects of vagal restraint may be more persistent in the psychopath. For instance, strong or noxious stimuli may produce cardiac acceleration (defensive reflex) due to sympathetic innervation and inhibition of vagal tonus. According to the above reasoning, this accelerative response should habituate quickly in the psychopath. A similar prediction would be made for the habituation of pupillary dilation (sympathetic response) to nude pictures, since pupillary changes also involve parasympathetic activity."
It is interesting, and of some relevance here, that a recent study by Hein, Cohen, and Shmavonian (1966) also found personality differences in the pattern of sympatheticparasympathetic activity. Their 5s were those classified as field dependent and field independent (cf. Witkin, Dyk, Faterson, Goodenough, & Karp, 1962) on the basis of the rod-and-frame test. In a discriminative delayed conditioning paradigm, with colored lights as the CS and shock as the UCS (CS-UCS interval = 10 sec.), the field-dependent Ss showed no HR or GSR activity during the first S sec. of CS+ presentation, but showed HR deceleration during the second 5 sec. The field-independent Ss, on the other hand, showed both cardiac acceleration and GSR activity during the first 5 sec. and cardiac deceleration during the second S sec. Hein et al. (1966) interpreted these results in terms of a model of sympatheticparasympathetic reactivity in which "the field-independent group shows both conditioned sympathetic and parasympathetic activity, while the field-dependent group shows only parasympathetic activity [p. 101] ."
Field-dependent Ss may be similar to psychopaths in that both acquire conditioned sympathetic (GSR) responses with difficulty, and exhibit relatively little resting cardiac and electrodermal variability (Cohen, 1967) . Whether psychopaths are, in fact, field dependent is not known. However, it is likely that when confronted by a situation containing conflicting sets of cues (e.g., the embeddedfigures test), the field-independent S will engage in mediational and symbolic activity, while the field-dependent S will be more attentive to the conflicting cues. If so, the former should show cardiac acceleration during the task while the latter should show cardiac deceleration (cf. Lacey, 1967) . Presumably, the field-dependent person would continue to be attentive to environmental cues that are misleading, with the result that persistent cardiac deceleration would occur. By impliof the psychopath as an extravert, that the psychopath's responses in general should habituate rapidly. There is some evidence that a reflexive eyeblink (alpha response) habituates more rapidly in primary psychopaths than in either neurotic psychopaths or nonpsychopaths (Miller, 1966). cation, the persistent cardiac deceleration shown by the psychopaths in the present study may mean that they too continue to respond to stimuli that have lost their significance. While survival and adaptation to one's environment are perhaps facilitated by the occurrence of appropriate ORs, that is, to stimuli that are novel or of special significance, continued responding to familiar stimuli is probably inefficient and maladaptive. One corollary of this reasoning is that psychopaths and field-dependent Ss should do poorly on tasks which involve learning to give differential responses to stimuli, for example, discriminative conditioning to a CS + and CS". Evidence consistent with this deduction has been obtained for both psychopaths (Lykken, 19S7) and field-dependent Ss (Courier, Waltanmaker, & Ax, 1965; Hein et al., 1966). 8 The suggestion that the psychopath gives small ORs to novel stimuli may be a valid one, although it may be related to factors other than those associated with vagal restraint. The striking similarity between the present results and those obtained in a somewhat different context by McDonald, Johnson, and Hord (1964) suggests an alternative interpretation. These investigators presented normal Ss with a series of repetitive tones and observed the rate at which the OR habituated. They found that when their Ss were divided, on the basis of EEG criteria, into those who showed signs of drowsiness during the experiment and those that did not, different habituation patterns emerged. Both drowsy and alert Ss showed rapid habituation of the GSR. The 8 Cohen's (1967) suggestion that field dependency "may be associated with a more primitive, less mature, less integrated, or less organized perceptual apparatus or CNS [p. 106]" may also be applicable to psychopathy. Although the relationship between field dependency and psychopathy is tenuous and should not be pushed too hard, the following statements are of interest. "The concept that differences in CNS functioning exist in field-independent and -dependent subjects as a function of innate or early developmental influences could be enlarged to include the possibility that CNS differences may exist which lead to varying degrees of awareness of cues from the inside and the outside of the body [Cohen, 1967, p. 106] ." Similarly, in a study of the EEG correlates of field dependency, Pillsbury, Meyerowitz, Salzman, and Satran (1967) suggest that the fielddependent person may be less able to "tune out" meaningless stimuli. alert 5s also showed significant habituation of the HR response (cardiac deceleration) and the digital vasoconstrictive response. On the other hand, the drowsy 5s, who gave a slightly smaller HR response to the first tone than did the other group, showed no habituation of the response. Further, the drowsy 5s gave the largest initial vasoconstrictive response and, although the response decreased in size during the first few trials, it increased in size during the latter trials. The habituation patterns of the drowsy and alert 5s in the McDonald et al. study are remarkably similar to those of Groups P and NP, respectively, in the present study (see Figures 4, 6, and 8) . Whether or not the similarity between the drowsy 5s and Group P reflects similar underlying mechanisms is not known, since EEG records were not obtained for the latter Ss. However, it was suggested above, on the basis of their lower level of autonomic variability, that psychopaths may be cortically underaroused. It is quite possible, therefore, that there was a greater degree of drowsiness in Group P than Group NP. Relevant here is the fact that both Group P and the drowsy 5s in the McDonald et al. study showed comparatively little spontaneous autonomic activity. Also relevant is the frequent comment that the psychopath is unable to tolerate routine activities, is quickly bored, and appears to seek excitement. Eysenck (1963 Eysenck ( , 1964 , for example, considers the psychopath to be a neurotic extravert. Since extraversion is associated with the rapid build up of cortical inhibtion, the psychopath, in Eysenck's system, requires a relatively large amount of stimulation to maintain an optimal level of hedonic tone; that is, he suffers from a "kind of stimulus hunger" (Eysenck, 1963, p. 11) . Similarly, Quay (196S) has proposed that the psychopath is characterized by pathological stimulation-seeking, and that it is possible ". . . to view much of the impulsivity of the psychopath, his need to create excitement and adventure, his thrill-seeking behavior, and his inability to tolerate routine and boredom as a manifestation of an inordinate need for increases or changes in the pattern of stimulation [p. 181] ." Petrie has also described the psychopath in terms of a need for stimulation. According to Petrie, the psychopath is a "reducer," that is, one who subjectively reduces the intensity of environmental stimulation. Like the extravert (whom he is similar to), the reducer is likely to be in a chronic state of sensory deprivation and hence "... greedy for sensory input [Petrie, McCulloch, &Kazdin, 1962, p. 418] ."
These conceptions of the psychopath as being cortically underaroused and in need of stimulation are consistent with the results of the present study and also with evidence that the psychopath prefers "frightening" activities to those that are safe but dull (Lykken, 19SS) , that he has a preference for novel and complex stimulation (Skrzypek, 1967) , that he performs better with large amounts of stimulation (Currie, 196S) and with stimulus onset rather than offset (Wiesen, 1965) , and that he does poorly in a tedious vigilance task (Orris, 1967) . Concerning the latter study, it is relevant that the performance decrement that occurs in vigilance tasks is associated with a decrease -in both cortical (Haider, Spong, & Lindsley, 1964) and autonomic (Easton, Beardshall, & Jaffee, 196S) arousal, as well as a decrease in circulating adrenalin (O'Hanlon, 1965) .
It might be worthwhile, at this point, to have another look at the study by Schachter and Latan6 (1964) . It will be recalled that injection of adrenalin produced a marked increase in the HR of their psychopathic Ss. Schachter and Latan6 have interpreted their findings as indicating that the psychopath reacts to every event with strong autonomic discharge, with the result that he feels "... no differently during times of changes than during relatively tranquil times. Bodily conditions which for others are associated with emotionality are, for the sociopath, his 'normal' state [pp. 226-267] ." That is, the psychopath does not label increases in autonomic activity as an emotional state unless the increase is a marked one. Now, this hypothesis is an interesting one, but, as Schachter and Latane" admit, it is highly speculative. Furthermore, it can be criticized on several grounds. First, as mentioned earlier, the cardiac acceleration to adrenalin injection shown by the psychopaths (.£ = 17.3 beats/min) was about what other investigators have obtained with normal 5s (Wenger et al., 1960) and with a mixed group of psychiatric patients (Sletten, Pichardo, Korol, Sundland, & Gershon, 1967) . It is possible, therefore, that the only thing in need of explanation is the very small increase (£ = 3.9 beats/min) shown by the nonpsychopathic 5s. Second, although significant, the data were based upon an n of four in each group. Third, assuming that psychopaths are actually hyperresponsive to adrenalin injection, this does not necessarily mean that they are autonomically hyperreactive when not biochemically tampered with. Nor does it mean that under ordinary conditions the psychopath will react to stimuli or stress with an unusually large secretion of epinephrine. It may very well be that the psychopath is characterized by relatively small fluctuations in epinephrine outflow, with the result that an injection of adrenalin produces a sort of overload or homeostatic imbalance. Fourth, the use of HR alone as an indicant of emotionality seems unwise in view of the evidence that the significance to the organism of cardiac activity may depend upon whether it is accelerative or decelerative in nature (Lacey, 1967; Lacey et al., 1963) . Thus, the implications of the cardiac acceleration shown by the psychopaths in Schachter and Latane's (1964) study may be more cortical than emotional in nature. For example, Lacey (1967; Lacey et al., 1963) has suggested that cardiac acceleration may stimulate the baroreceptors within the carotid sinus resulting in inhibition of cortical and sensorimotor activity. Several years ago, Callaway and Thompson (1953) postulated a similar relationship between sympathetic activity and perception. They suggested that external threat produces sympathetic discharge which, through a negative feedback loop, reduces sensory input and awareness of the external world and results in a consequent reduction in the magnitude of the threat. The Lacey and the Callaway and Thompson hypotheses are consistent with the recent findings by Lomont (1965) and Hare (1966) that the tendency to deny the existence of threat was positively correlated with extent of sympathetic activity. Lykken (1967) has pointed out that Lacey's hypothesis may also be related to his own concept of negative preception or afferent detuning (Lykken, 1962) and to Broadbent's (1957) filter theory of attention. The point is that even if Schachter and Latane are correct in their assumption that the psychopath is characterized by cardiac acceleration, the resultant increase in cortical inhibition and reduction in sensory input may be of more importance in explaining the psychopath's behavior than any associated emotional factors. The psychopath's failure to avoid punishment or to heed the cues that warn of punishment might then reflect a tendency, based upon physiological considerations, to deny their existence. Schachter and Latan6 (1964) are not the only ones who have suggested that the psychopath is autonomically labile. For example, Eysenck (1964) considers the psychopath to be a neurotic extravert, which means that in addition to being subject to the rapid buildup of cortical inhibition, the psychopath also has a labile ANS; that is, he shows ". . . strong and long-continued autonomic reactions to standard stress tests . . . [Eysenck, 1963, p. 12] ." In view of the association that exists between autonomic and cortical activity (discussed earlier), a labile ANS should be related to cortical arousal. However, Eysenck (1963) handles this apparent discrepancy by suggesting that strong autonomic reactions are perceived as stimuli by the organism and are subject to temporal inhibition just as much as are other exteroceptive and proprioceptive stimuli; extraverts would consequently inhibit these stimuli more successfully than introverts, so that at high levels of neurotidsm (strong and long-continued stimulation) extraverts originally generating just as much stimulation as introverts would soon drop to a lower level of stimulation, due to inhibition [p. 12] .
It is obvious that there is some degree of similarity between this position and that put forward by Schachter and Latan6 (1964) , although the latter do not deal with cortical activity per se. Although he has not put it this way, Eysenck's conception of the psychopath as being both neurotic and extraverted seems to imply that psychopaths are characterized by a form of autonomic-cortical dissociation. Again, however, the available evidence indicates that, if anything, the psychopath may be autonomically underresponsive. Moreover, evidence presented later suggests that the autonomic response to stress is not prolonged as Eysenck suggests. McCord and McCord (1964) also consider the psychopath to be autonomically labile. They state, for instance, that "Psychopaths are probably more physiologically responsive to physical changes in their environment [p. 68] ," a conclusion apparently based upon an early study by Lindner (1942) , and one which is contrary to the present findings. However, careful reading of Lindner's paper indicates that his data do not justify the conclusion drawn by McCord and McCord, nor for that matter do they justify similar conclusions drawn by Lindner himself. Lindner recorded pulse rate, skin resistance, and respiration rate while "constitutional psychopathic inferiors" and nonpsychopathic first offenders received a series of "disturbing" SOO-cps tones and electric shocks. The 5s had previously been told that they would hear a tone and that soon after it ended they would receive an electric shock. The tones were 60 sec. long, and 30 sec. after offset were followed by a 1-sec. shock to the arm. After an interval of 2 min. the series was repeated (for a total of five series). While Lindner's picturesque language and method of data presentation make it somewhat difficult to assess the results of the experiment, it appears that there were no significant differences between groups in autonomic functioning either in resting (tonic) level or in the phasic changes in response to the tone and shock onset. However, while waiting for the first tone to occur, the psychopaths showed a significantly greater increase in skin resistance than did the nonpsychopaths. Throughout the remainder of the experiment, though, the skin resistance of the psychopaths was lower than that of the other Ss. After the last shock, the resistance of the psychopaths returned to the initial resting level much more quickly than did that of the nonpsychopathic 5s. On the basis of these data, as well as the finding that latency of GSR to shock was slightly, though not significantly, shorter for the psychopaths, Lindner concluded that, in a physiological sense, the psychopath may be delicately balanced, responding quickly to changes in the environment but also returning rapidly to a "... normal mode of physiological functioning at the conclusion of an emotionally charged episode [p. 275] ," presumably when they knew that tones and shocks were no longer forthcoming. Concerning pulse rate, there was a suggestion that as the shocks approached in time, the pulse rate of the nonpsychopathic 5s decreased while that of the psychopaths remained steady. However, when the shocks were delivered, the pulse rate of the psychopaths dropped sharply, while that of the other 5s did not change. This is a rather unusual finding, though difficult to evaluate since only very crude summary data were presented. However, since the conditioned HR response is usually a deceleration during presentation of the conditioned stimulus (Obrist et al., 1965; Wilson, 1964) , it appears that the psychopaths in Lindner's study, unlike his nonpsychopathic 5s, failed to give any conditioned HR responses (assuming that the tones and interval prior to shock functioned as a CS). The surprising thing, however, is that the response to the shock was cardiac deceleration for the psychopaths and no change for the other 5s. The usual response to shock is cardiac acceleration (see Graham & Clifton, 1966) . It is possible that the shock was a relatively mild stimulus for the psychopaths, with the result that their HR deceleration simply reflected the cardiac component of an OR. Similarly, if the shock was relatively noxious for the other Ss, there may have been an initial accelerative phase followed by a decelerative phase (cf. Wilson, 1964) . If so, Lindner's method of data presentation would have obscured any biphasic pattern. In any case, Lindner's study certainly does not suggest, as McCord and McCord imply, that the psychopath is hyperresponsive. On the other hand, although not discussed by Lindner, the study is consistent with the proposition that the psychopath differs from nonpsychopaths in cardiac activity.
The emphasis that this paper has placed upon autonomic-cortical coupling does not mean that the emotional aspects of autonomic behavior are not important in accounting for psychopathic behavior. On the contrary, it is quite possible that there are some important differences in the structure and functioning of the psychopath's ANS, and that these differences have emotional consequences. For in-2C ROBERT D. HARE stance, he may be relatively incapable of giving the appropriate sympathetic and parasympathetic responses in a variety of novel situations. In addition, the failure to attend to relevant stimuli may make it difficult for conditioned autonomic responses to develop properly, with the result that the psychopath would be defective in behavior that is mediated by autonomic activity, such as learning to avoid punishment (Lykken, 1957; Schachter & Latan6, 1964) . The failure to attend to relevant stimuli would not only make the conditioning of autonomic responses difficult (cf. Maltzman & Raskin, 1965) ; it would also mean that once conditioned these responses would be less likely to occur when the stimuli were again presented.
7 For example, cues associated with punishment or pain would be less likely to be responded to by the psychopath than by others, with the result that he would fail to inhibit a punished response (Hare, 196Sb) . Further, if the emotional correlates of guilt and anxiety in part reflect responses of the ANS to subtle internal and external cues, the psychopath's attenuated autonomic reactivity and reduced sensory input would make it difficult for him to experience these emotions.
Finally, mention should be made of the possibility that psychopaths differ from others in the rate at which they recover from the effects of stimulation and stress. Table 3 clearly indicates that with the moderately intense auditory stimulation used in this study, GSR recovery occurred at about the same rate for Groups P and NP, but that Group S recovered more slowly. Similarly, an earlier study (Hare, 1965c) failed to find any significant 7 Holmes (1967) has found that a high level of acetylcholine, inferred from rapid pupillary constriction, is ". , . significantly related to greater awareness of an environmental contingency, superior performance in verbal conditioning, and to introverted personality traits as measured by self-report and peer ratings [p. 98] ." Since cardiac deceleration is a vagal response mediated by acetylcholine, it is possible that Holmes' results are related to the relationship between HR deceleration and increased awareness of the environment (Lacey, 1967) . Holmes' results are consistent with the position, taken in the present study, that some aspects of psychopathic behavior are the result of reduced sensory input and attentiveness to the environment, with the latter being related to attenuated vagal responses. differences between primary psychopaths and nonpsychopaths in the rate of GSR recovery to electric shock. The relatively slow recovery of the secondary psychopaths (Group S) in the present study is difficult to account for unless it is assumed that the group included a number of highly anxious individuals. There is some evidence, for example, that the autonomic (Rubin, 196Sa, 196Sb) and skeletalmotor (Malmo, 1966) responses to aversive stimulation are inordinately persistent in anxious psychoneurotics. According to Rubin (196Sa) , the neurotic continues to respond autonomically as if the stimulus were still present, while Malmo (1966) suggests that the persistent responding is due to the failure of a homeostatic mechanism located in the bulbar inhibitory system to function properly. One difficulty with the anxiety interpretation of the present results (Table 3) is that Group P, in which anxiety was presumably minimal, should have recovered more quickly than Group NP. Although this in fact did not happen, there is other evidence that psychopaths may recover quickly when a stressful situation rather than a specific stimulus is involved. Thus, Lindner (1942) found that at the end of a series of tones and shocks, the skin resistance of the psychopathic Ss returned to the initial resting level much more quickly than did that of the nonpsychopathic 5s. Similarly, Lippert and Senter (1966) reported that at the end of a stressful period (during which electric shock had been anticipated), the spontaneous GSR activity of a group of nonpsychopaths decreased somewhat but still remained above what it had been during the prestress period. However, not only did the psychopaths show a greater decrease, but in addition their spontaneous GSR activity dropped well below what it had been in the prestress period. In a "delayed" conditioning paradigm with a S-sec. CS-UCS interval, Lykken (19SS) found that the conditioned GSR to the CS (tone) recovered more quickly (in the interval prior to onset of shock) in primary psychopaths than in either neurotic psychopaths or normal individuals.
Although based upon only electrodermal activity, the results of these studies suggest that psychopathy may be related to rapid homeostatic recovery from stress. One of the consequences of this short-lived autonomic activity is that the emotional components of a stressful situation would be largely confined to the temporal period in which the situation occurs. A related consequence is that the length of time during which autonomic responses can become conditioned to external and internal stimuli would be relatively short (cf, Rubin, 196Sa) . Taken together with the earlier discussion on the OR, sensitivity to stimulation, and awareness of the environment, this would mean that, compared with the normal person and the neurotic (cf. Rubin, 196Sa) , there would be fewer cues with the capacity to elicit the autonomic components of fear and anxiety in the psychopath. The implications that this has for the psychopath's apparent inability to avoid punishment have been discussed elsewhere (Hare, 1965b; Lykken, 1955; Schachter & Latang, 1964) .
